Objective: We have reported that a lifestyle intervention with mothers improved calcium intake and physical activity in both mothers and their children. In this study, we aimed to describe the strategies and approaches used by these mothers to improve their children's calcium intake and physical activity. Design: A qualitative study using semistructured interviews. Setting: Population-based convenience sample. Subjects: A subsample of 39 mothers were taken from a population-based random sample of 354 mothers who had participated in the original osteoporosis-prevention trial. Results: Mothers described specific dietary changes they made to increase their children's calcium intake. They also described strategies for improving calcium intake and physical activity such as raising awareness of the importance of calcium; ensuring calcium-rich foods were accessible; assessing their children's likes and dislikes and working within these; role modelling; information provision; taking a balanced approach to attempting behaviour change; and encouraging activities that they could do with their children. Mothers emphasized the general importance of a balanced diet and lifestyle, rather than just focussing on lifestyle factors specific to osteoporosis prevention. Conclusion: Even without specific guidance, mothers are adept at developing strategies to apply to changing lifestyle behaviours in their children and identifying barriers to change. These results provide information, which could be incorporated into future interventions for lifestyle change in children and also provide further support for considering parent-focused approaches to this problem.
Introduction
Osteoporosis is a major and growing public health problem, particularly in women (Jones et al., 1994; Cooley and Jones, 2001) and is a significant issue globally (Finnern and Sykes, 2003; Johnell and Kanis, 2004) . Maximizing the peak bone mass achieved in early adult life through improving modifiable lifestyle behaviours in childhood, such as calcium intake and physical activity, is one potential way to reduce the impact of osteoporosis in later life (Jones, 2006) . Low bone mineral density in childhood is also a risk factor for childhood fractures (Goulding et al., 1998; Goulding et al., 2001; Ma and Jones, 2003) , suggesting that optimizing ageappropriate bone mass may also have a more immediate benefit by preventing childhood fractures.
Information on how to improve osteoporosis-preventive behaviours, particularly calcium intake and physical activity, through behavioural interventions in children is sparse. Two trials of behavioural interventions aimed at these osteoporosis-preventive behaviours in healthy children demonstrated improvements in calcium intake but no changes in physical activity (Ritenbaugh et al., 2003; French et al., 2005) . Two randomized controlled trials (RCTs) targeting these osteoporosis-preventive behaviours, but in children with diseases placing them at increased risk of low bone mass (Stark et al., 2005a, b) , have also been performed. In these studies, a behavioural intervention with parent and child focused components increased children's calcium intake 8 weeks later. Although changing lifestyle factors in children is more often addressed in the context of the prevention and management of obesity, the most effective types of behavioural interventions in relation to obesity are also poorly understood (Summerbell et al., 2003) . One RCT trial suggests that using parents as exclusive agents of change is more effective at reducing weight in children than intervening directly with children (Golan and Crow, 2004) .
We performed a RCT of individualized bone mineral density (BMD) feedback combined with either group education or an osteoporosis-information leaflet delivered to premenopausal women (Winzenberg et al., 2006a) . In this study, women received an assessment of their future fracture risk as being normal or high, based on their T score. The mothers in this trial were also asked whether they changed calcium intake and physical activity in their children (Winzenberg et al., 2006b) . Receiving feedback of a low T-score result and receiving group education were both associated with mothers reporting increasing calcium intake in their children. Furthermore, women who reported increasing their own physical activity were more likely to report increasing physical activity in their children. The interpretation of these data was limited by the use of yes/no response categories in the original assessment. Thus, the nature of the changes made and strategies used by mothers were unknown. However, this cohort provided a novel opportunity to explore further strategies developed by mothers to alter behaviour in their children. The aim of this qualitative study was to identify and describe the strategies and approaches used by mothers to improve calcium intake and physical activity behaviours in their children.
Methods

Sample selection
We selected a subsample of 39 of the 354 mothers who completed the original RCT of individualized bone density feedback and either an osteoporosis-information leaflet or small group education. Details of this study are given elsewhere (Winzenberg et al., 2006a, b) . In brief, all mothers received an assessment of their fracture risk as being normal or high, based on their T score. The small group patient education program delivered to half the mothers aimed to increase knowledge and improve selfmanagement of osteoporosis prevention with an emphasis on promoting appropriate lifestyle change. The leaflet given to the remaining mothers provided a description of osteoporosis, an overview of the role of lifestyle factors such as diet, exercise and smoking and outlined ideal levels of calcium intake and exercise. Neither education intervention made any suggestions of how to approach lifestyle change in children.
When selecting research participants from the original population-based random sample for the interview study, we sampled in such a way as to ensure that we selected mothers who had experienced different aspects of and outcomes from the original intervention (Patton, 1999; Hansen, 2006) . Recruitment was by letter of invitation, followed by telephone contact. The study received ethics approval from the Human Research Ethics Committee (Tasmania) Network and all subjects gave written informed consent.
Data collection
The mothers in our subsample participated in a semistructured interview in which they discussed the measures they took to prevent osteoporosis in themselves and their families. Semistructured interviews are an open-ended and exploratory qualitative technique where the interviewer is focused on a number of issues/questions to be explored (Rice and Ezzy, 1999; Hansen, 2006) . The interviewer uses a list of possible questions or topics to guide the interview while allowing the conversation to flow naturally. Two trained research assistants with prior experience in qualitative interviewing conducted the interviews. Interviews were conducted in a location selected by the interviewee, either in the participant's home or in a university office. Key interview questions were:
(1) Have you taken any measures to prevent osteoporosis in your children?
Prompts: why/why not? can you give examples? Ask participant to describe in detail (ask specifically about calcium/physical activity) ask about any measures that were easy or difficult are there any measures that you are not taking that you would like to?
(2) How do you see your role in terms of preventing osteoporosis in your children?
Data analysis
Interviews were audio-recorded with the participant's permission and transcribed in full. Because the objective of the research was to identify strategies used by mothers to reduce the risk of osteoporosis for their children, we used an iterative thematic method of qualitative analysis suggested by grounded theory (Grbich, 1999; Charmaz, 2002; Marvasti, 2004) . Each transcript was read independently by EH and TW and coded using an open-coding approach. Codes were then grouped into themes related to the strategies used by mothers to produce changes in the physical activity or diet of their children and barriers to lifestyle change as identified by mothers. TW re-read the coded transcripts and further refined the thematic categories. TW and EH then reviewed the final themes together to ensure they accurately reflected the original interview data. The data were managed using NVivo 2 software (QSR International Pty Ltd, Doncaster, Vic, Australia copyright [2003] [2004] [2005] .
Results
We recruited 39 interviewees (response rate 80%). Two mothers were not contactable and eight declined to participate. The characteristics of participants are shown in Table 1 . As expected from our sampling method, participants' characteristics covered a range of demographics and a range of experiences from the original trial. Although the proportion of mothers who had commenced calcium supplements in the interview sample was somewhat lower than in the original study (Winzenberg et al., 2006b ) (3 in the current study c.f. 9% in the original study) this difference was not statistically significant (P ¼ 0.34, Fisher's exact test, twotailed) and there were no noticeable differences in the themes of the interviews between mothers who had or had not commenced calcium supplements in the original study.
Mothers described a variety of practical and very specific changes they made to increase their children's dietary calcium intake. These included:
changing from standard to high calcium, low-fat milk; 'My daughter-in-law, she's got right into the y.high calcium, low-fat milk' putting an extra slice of cheese in their children's roll for lunch; providing yoghurt for children to take to school; 'she was getting a serve [of dairy] in the morning and at night but wasn't really getting anything during the day, and ever since [I spoke to her about calcium] every day she has taken yoghurt to school'. flavouring milk eg smoothies, milkshakes and toppings 'I started making them smoothies and stuff like that, that they enjoy' using drinking yoghurt instead of milk (for a child who doesn't like milk); using high calcium soy milk if children won't or can't eat dairy products; substituting higher calcium containing items for other beverages and foods e.g. 'when they came home from school it used to be, you know a drink of water or ywater cordial, and [now] more often than not it's a drink of milk, like a milkshake or something like that'; 'Getting them to have cereal in the mornings instead of just toast'
Mothers also described more general strategies they used to improve their children's calcium intake and physical activity, which are given in Table 2 , together with illustrative interview quotes. The use of calcium supplementation was mentioned rarely and usually in the context of a child with a medical condition such as cystic fibrosis, severe allergies, milk intolerance or history of a pituitary tumour.
Mothers also discussed barriers to improving lifestyle behaviours including: environmental issues for physical activity such as climate (' I end up driving around (removed name of town) in Wintery') and local geography ('that all comes down to where we livey.being up there there's nothing unless you go for a walky' and 'it's not an area where we can walk at night'); perceptions about high calcium foods ('the hard part was getting her mind around, well, like with foods like dairy foodsy teenage girls, they associate fat content'); busy lifestyles ('eating on the run some times', 'you're straight to the next activity after school', 'It's been hard at tea time because she works until about 7 and then we get home and she's starving hungry and wants something now, can we stop at MacDonaldsy'; family dislike of foods e.g. ' I try to replace butter with tahini but even my husband said you know that's not quite normal foody.and I just had to sort of maybe do it without them knowing sometimes. Like instead of actually saying I'm putting this on your sandwichy you just put it on'. ' I don't like milk and blah, blah blah but I just persisted and y gradually y she was having topping, like milkshakes and things'; cost. 'it costs me a fortune in fruit to feed the kids, yeah, I actually found that it's cheaper to buy chips and junk food that it is to buy fruit.' 'eating correctly is expensive' 'it astounds me that when something is so crucial and they have big advertising campaigns saying you know children should have a drink of milk, a piece of cheese and a tub of yoghurt each dayyI would imagine that people on lower incomes would find it extremely difficulty' 'something as simple as the cost of a 1 kg block of regular old cheese could be out of reach of some people'.
A common theme in the interviews was the effect of age on the responsiveness of children to their mothers' attempts to change behaviour. In younger children, mothers describe how there were greater opportunities to produce dietary change by directly influencing the foods eaten 'when they were younger I would just go ahead and make sure they had healthy foody'. However, mothers recognized that as children became older, they needed to take responsibility for their own lifestyle decisions 'yhe's at that age now where he has to start taking that responsibilityyhe's not going to be with me forever'. As expected, not all mothers reported making behaviour changes in their children. Those who did not make changes either reported that they were not concerned about osteoporosis in general or that their children already had healthy diets or were very physically active so they did not perceive their children to be at risk for osteoporosis. However, some mothers who were not concerned about osteoporosis in their children still discussed the importance of a healthy lifestyle for their children, which included behaviours relevant to osteoporosis such as physical activity and good nutrition. Examples are given in Table 2 (themes of balance diet and balanced lifestyle).
Discussion
This study provided a unique opportunity to examine the methods devised and used by mothers to improve their Strategies for increasing calcium intake (i) Raising awareness of calcium intake 'I make sure they get their 3 serves a day of dairy products' 'being aware they have calcium in their diets through milk, cheese, yoghurt and increase the fishy' (ii) Accessibility and identifying what children like 'I always make sure ythat I get the drinking yoghurty knowing that he doesn't have huge glasses of milky' 'he loves Brie and Camembert cheese, so I buy him thaty' ' I know that's what he really likes, so I've had that in the fridge so he can have that when he wants it' 'I'm the one who um, buys the groceries basically cooks the meals and it's a fairly important role in terms of the food intake they have' (iii) Role modelling 'I like the kids to see me drinking [milk] , so then they know oh Mum can drink it, I can. And then when they're older like me they'll be doing the same thing' (iv) Providing information 'try and teach himyat his own level the importance of different things. Like he knows that it's important that you should have some milk because it's good, good for your bonesy.' (mother with daughter off dairy) ' I say ' have you had your amount of calcium this week' and she said 'yes I had all my soy milk..and I had my tuna this weeky.'' (v) Balance in diet 'setting up really good habits, just making sure she has a good balance diet' ' [osteoporosis is] something I consider with their diety.I'm not obsessive about it but if I make sure they have a good range of vegetables and dairy productsythen I sort of figured they will get what they need' (vi) Balance in approach 'I don't want to sayyif you don't drink this milk you're going to get osteo, I ydon't go overboard' Strategies for increasing physical activity (i) Accessibility and identifying what children like to do Interviewer: 'was [it] easy toy encourage him to be more active?' Interviewee: 'Yeah, it's not too badyEspeciallyyif it's things like that he loves doingy' '[I say] come walking with me, but he doesn't actually like walking, so he'll come and he'll ride his bike' 'y it's more to do with her friends reallyy setting up activities for her to do with her friends' (ii) Role modelling ' you set the right example yourself, soyhe sees physical activities and understand the importance of it, or you pass on the enjoyment of it.' (iii) Doing things together ' I do occasionally tell her to get yaway from the computer and go for a walk, come with me' 'saying things like let's go for a walk together or ycan you give me a hand, I need to get a bit fitter, come for a walk with me' 'I've been able to get my daughter out, we take the dog down to the beachyit is so much fun watching him. I've really sucked her in, because she can't wait to get down there and watch the dog, you know' (iv) Encourage 'I've tried to encourage her to have a bit more physical activity, walk and run, things like that.' Strategies for both calcium intake and physical activity behaviours ' yI just think it's my job to make them aware and yto give them information that they look after themselves. ..that's sort of a life long skill. I don't do everything for them, um, I don't think that's any help at ally' [ role in preventing osteoporosis is] 'mainly as an educator' 'I'm the instructor, ultimately I can only tell them what I canyand they need to know they are responsible' (iii) Balanced lifestyle 'just really sort of trying to encourage a lifestyle, that they're healthy, they're active, and that sort of thing really. I sort of hope that will all, all just sort of drift down theythe chain and, and keep them well' 'encouraging an active lifestyle and sensible eating habits' (iv) Balance in approach 'Just guiding, I suppose as with anything with parenting' 'often if we are driving along in the car talkingyif someone will ask a question and that will lead to something else, which will lead to yhaving a discussion on it, rather than saying 'well you must walk to school today because otherwise, you know, this is a prevention for such and such'' (v) Age 'as they get older they listen to you moreyy' 'when they were younger I would just go ahead and try and make sure that they had healthy food, whereas now that they ore older, then I put a little more responsibility on their shouldersy' 'yhe's at that age now where he has to start taking that responsibilityyhe's not going to be with me forever'
How do women change osteoporosis-preventive behaviours in their children? T Winzenberg et al children's calcium intake and physical activity behaviours following a lifestyle behaviour change intervention delivered to the mothers. Mothers identified both specific and general strategies for increasing calcium intake but fewer and mainly general strategies for improving physical activity suggesting that this is a more difficult behaviour for mothers to change than calcium intake. The strategies described in Table 2 do not fit any one model of behaviour change, but individual strategies are consistent with components of models of behaviour change described in the osteoporosis-preventive lifestyle change literature. For example, Social Cognitive Theory encompassing the concept of self-efficacy has been used as the basis of behavioural interventions for increasing calcium intake and physical activity levels in both children (French et al., 2005) and adults (Blalock et al., 1996; Piaseu et al., 2002) . Role modeling is considered to be one of the four main influences on self-efficacy (Bandura, 1986; Bandura, 1994) and was also identified by mothers in our study as a strategy for increasing both calcium intake and physical activity. Self-efficacy has been described as potentially one of the most important and modifiable predictors of physical activity (Clark and Nothwehr, 1999) and has been reported as the strongest predictor of a health-promoting lifestyle (Gillis, 1993) . The strategies of raising awareness of calcium intake and providing information are attempts to change osteoporosis knowledge, which has been identified as an important contributor to exercise and calcium intake behaviour (Piaseu et al., 2002) .
Other strategies are consistent with previous research examining children's perceptions regarding diet. Mothers described how they identify their children's preferences for particular calcium-rich foodstuffs and ensure that the foods they like are readily accessible. This is a solution to the barriers to consuming calcium-rich foods identified by children in previous research, such as taste, appearance and lack of availability of appropriate food choices (McKinley et al., 2005) . This theme of accessibility of foods is demonstrated by the comment by one mother in our study that 'I'm the one who ybuys the groceries basically cooks the meals and it's a fairly important role in terms of the food intake they have', which refers to the influence parents have over the food choices of their children by influencing the accessibility of different foods. Children perceive a similar parental influence on their food choices through accessibility, as shown by a comment by a child in another study 'My parents buy the foodyI think it's the availability of food that's around at the timey '(O'Dea, 2003) . This same theme of parental influence occurs in a study in adolescents (Neumark-Sztainer et al., 1999) which discussed the influences of parental eating and cooking behaviours and parental food purchases.
Rebellion has been identified as a factor affecting food choice in older children. Children report disliking being 'preached' to about their dietary choices (McKinley et al., 2005) , which in our study is reflected in the balanced approach mothers chose to take to influence their children 'I don't want to sayyif you don't drink this milk you're going to get osteo, I don't do that, I don't, you know, I don't go overboard'. Mothers' views on the barriers to improving dietary behaviours are remarkably consistent with those identified in children themselves (Neumark-Sztainer et al., 1999; O'Dea, 2003; McKinley et al., 2005) . In particular, children's negative perceptions about healthy foods; time pressure making it harder to access healthy foods and cost are all described by the mothers in our study as well as in the literature studying children (Neumark-Sztainer et al., 1999; O'Dea, 2003; McKinley et al., 2005) , although cost is seen as less of a barrier by children than mothers. This demonstrates that even without specific guidance, mothers are adept at identifying barriers to change in their children. Our results provide further support to existing observational (Sallis et al., 2000; Birch and Davison, 2001; Davison et al., 2003; Fisher et al., 2004) and trial (Golan and Crow, 2004; Winzenberg et al., 2006b ) evidence suggesting that a parent-focused approach is worthy of further exploration.
Mothers tended to talk more about dietary issues than physical activity in the interviews. For example, there were no simple changes described for increasing physical activity as compared to those described for improving calcium intake. This difference occurred despite the interview structure being designed with an equal emphasis on dietary and physical activity changes. The reasons for this are not clear. It may be that mothers perceive calcium intake as more important than physical activity or that because changing physical activity was more difficult, there was less to discuss on that topic. Both these explanations are consistent with our previous observation that it was mothers reporting increasing their own physical activity who were more likely to report increasing physical activity in their children, which in turn may be related to mothers' motivation levels or to their perception of the importance of physical activity in lowering osteoporosis risk. Other research demonstrates the difficulty of changing physical activity in children. Lifestyle intervention trials for osteoporosis prevention that have successfully increased calcium intake have failed to increase physical activity (Ritenbaugh et al., 2003; French et al., 2005) , and eating patterns but not physical activity were improved in a parent-focused childhood obesity intervention (Golan and Crow, 2004) . Two recent reviews (Biddle et al., 2004; Timperio et al., 2004) report that even complex and intensive interventions may not increase physical activity in children. Altering physical activity behaviours appears to be more difficult than altering diet in children.
Mothers discussed geographical barriers to physical activity in their children such as location and climate. Other barriers identified by children themselves are reflected in the mothers' discussion of approaches to changing physical activity in their children. For example, children's preference of indoor activities such as playing on the computer (O'Dea, 2003) are dealt with under the theme of doing things together ' I do occasionally tell her to get yaway from the computer and go for a walk, come with me'. Other strategies described in our study such as role modeling and sharing of activities have been associated with children's physical activity levels (Moore et al., 1991; Sallis et al., 2000) . Interestingly, direct parental support is not mentioned by mothers in our study, yet has consistently been shown to have a positive effects on physical activity levels in children (Sallis et al., 2000; Davison et al., 2003; O'Dea, 2003) . It may be that mothers undervalue the logistic support they provide to their children to increase their opportunities for physical activity. Mothers also described how age became a barrier to behaviour change as their children became older.
This study has two main limitations. First, it is a purely descriptive study. There is no attempt to quantify responses.
However, this open-ended, inductive methodology is ideally suited to exploring mothers' approaches to the issue of lifestyle behavioural change in their children, compared to more structured quantitative approaches such as surveys, when the survey content may reflect preconceived ideas (Pope and Mays, 1995; Sale et al., 2002) . Second, the interviews were held with mothers who had already taken part in a lifestyle intervention themselves. It could therefore be considered that their experiences might be different from mothers who had not received any intervention. However, equally well the participation in the previous trial could simply be considered as the impetus for making changes. Parents are likely to attempt lifestyle changes in their children for a diversity of reasons, but the methods of accomplishing this and barriers encountered may be similar regardless of the reason for making the change. The consistency of our results with the findings of other studies supports this contention and so these results are likely to be applicable to a diversity of settings.
Conclusion
This unique study shows that even without specific guidance, mothers are adept at identifying barriers to changing calcium intake and physical activity behaviours in their children. They are also able to develop strategies to change lifestyle behaviours in their children. The results provide practical suggestions for dietary change to include in future interventions, as well as identifying more general strategies and issues to consider when designing interventions to promote lifestyle behavioural change in children. The results also provide further support for considering parent-focused approaches to the difficult issue of improving lifestyle behaviours in children.
